of 

JapanaM ?at«nt Laid-open PubllGatlon Mq. 172507 /1964 
Lald-Op«n Datei Stipiafliber 29 » 1964 

Title of ihm Inveniion: Process for producln9 polypropylene 
Application No. 47255/1983 
Application Datet March 23| 1983 
Inventors { Shigeki Kagaioatiu et al 

Applicants Mitaui 9etrochcnleal Industry Kabushiki Kaiaha 

2. Clam 

(1) A process for polymerizing propylene which comprises 
polynerizing propylene in two stages by the use of a 2iegler 
catalyst to produce polypropylene of which the total has an 
intrinsic viicosity of 1«2 to 7dl/g and a molecular weight 
dfistribution Mw/Mn of 6 to 20 1 one stage oomprising produoing 
polypropylene having an intrinsic visoos^ty (determined in 

r 

decalin at 135^C) I. 8 to lOdl/g ahd an isotacticity of 97.5% 
by weight or more in a proportion of 35 to 6S% by weight of 
the total I and the other stage comprising producing 
polypropylene having an intrinsic viscosity of ^ 0.6 to l*2dl/g 
and an isotacticity of 96.5% by weight or more in a 
proportion of 65 to 38% by weight of the total. 

3. Detailed Description of the ^Invention 

The present invention relates to a process for producing 
polypropylene improved in rlgidltyi prooessabilityi heat 
resistance; etc. 

Th ere have been proposed savaj :aL processes ^or 
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polyMxiiing or mixing two kinds of polypropylen* having & 
dif£trfint.fliol«culAr weight in & multi-ittge for improving 
fomabillty* of polypropylane. ?or example, according to 
Japanet* Patent Publication Mo. 37696/1973, thera ia proposed 
a compoaition of a polypropylene having an intrinaic 
vilcoaity of 0*55 to 1.2 and a polypropylene having an 
intrinaic viaooaity of 1.4 to S. The purpoae of aaid 
propoaal la to provide a polypropylene oompoeition excellent 
in rigidity, without aignificantly deteriorating propertiea . 
auch aa tranaparency or heat-reeiatance. However , in a 
compoaition in which polypropylenea are aimply blended aa 
aubatantially disoloaed in thie publioationi rigidity doea 
not reach a euffloient value and, in addition, tranaparency 
and impact resiatanoe have not yet exhibited a eufficlently 
aatiafaetory perforniancei On the other hand, ae one example 
of propoaala ae to multi«atBge polymeria at ion, there la, for 
example, Japaneae Patent Laid«Opan Publication tlo«7406/i9B3i 
in which auch an advantage can be obtained that a 
aatiafaetory formability ia provided, while maintaining 
rigidity, inpact reaiatancef tranaparency, heat reaietance, 
etc. However^ according to the aubatantlal diaolciure of 
thia propoaal, in view of integral balance of rigidity, 
impact veaiatanca, tranaparendy and formabiXity, a 
sufficiently aatiafaetory performance cannot yet be 
exhibited. 

K have minutely atudied the diaadvantage of the 
conventional technlquea and, aa a reault^ found that it la 



important that a inulti-itftg« polymerization process should be 
adopted and ieotactioity of polypropylene produced in oaoh 
•tep ahould be raided to a very high degree. Particularly « 
we know that the production o£ high ^laotactic and low 
^laculftr ^piiaht polypropylene, v?hich is lifiic'^lt prclu::^ 
With the u«e of oatalyiti for producing polypropylene in many 
conventional proposals, is one of linportant faoiors* 

According to the present invention, there is offered a . 
prooess for polymerizing propylene which ooinpritee 
polymerising propylene in two stages by the uee of a Siegler 
catalyet to produce polypropylene of which the total has an 
intrinsic viscosity of 1.2 to 7dl/g and a molecular weight 
dietribution nw/Hn of 6 to 20, one e'tage cofllprislng producing 
polypropylene having an intrinsic viscosity (determined in 
decalin at 135^0 l.a to lOdl/g and an Isotacticlty of 97. B% 
by weight or more in a proportion of 35 to 65% by weight of 
the total, and the other stage comprising producing 
polypropylene having an intrinsic vieoosity of 0.6 to i.2dl/g 
and an isotactlcity of 96. S% by weight or more in a 
proportion of 65 to 35% by weight of the total. 

In the present invention Siegler^type catalysts are ueed 
as a polymerisation catalyst but must be those having an 
ability to produce high Isotactic polypropylene not only in 
high molecular weight polypropylene but also in low molecular 
weight polypropylene as specified in the above/ In this 
point, many conventionally well known catalysts are not 
suitable for usage. As one of usable catalysts, that 



dldclosed m JapaiiMQ Patent Lald-Open Publioation 
Ko.l8l0l9/ldei ifi exemplified; ' * ' 

polymerleation of propylene is performed In two stagea 
and in each stage slurry polymerieatlon or gee phase 
pclynerization ia adoped* Particularly/ slurry 
polymerisation is preferably adopted. 

in one stage of polyDtieriaation|< there is produced a 
polypropylene having an intrinaic viscosity t>\] of 1*6 to 
lOdl/gi preferably 2 to 9dl/g and an isotactioity of 97.5% by 
weight or more, preferably 98% by weight, in the case of 
producing those having an intrinsic viscosity lower than the 
above range, it is not possible to obtain polyolefins having 
a large impact strength, in the case of producing those 
having a large intrinsic viacoeity than the above range r it 
is impossible to obtain polypropylene improved in melt 
fXovability. In the case of piroducing those having an ' 
isotactioity lower than the ab<^e range i it is inposaible to 
produce polypropylene improved in rigidity and tran)9pa«noy-»- 
Meanwhile I in the present invention^ isotactioity (II) is of 
the extraction residue of boiling n-heptane and in the caee 
of producing in slurry polymerisation, it may be good that 
the value of isotactioity of polypropylene insoluble in 
polymerisation solvents is within the above range 4 

In the other polymeriaatldh etage^ there is produced a 
polypropylene having an intrinsic viscosity of 0.6 to 
1.2dl/gi preferably 0.7 to l«2dl/g and an isotactioity of 
96.5% by weight or moret preferably 97.0% by weight or more. 



Zn the oafl« of producing those having an Intrinsic vlsoosity 
lovftr than th« abova range, it is Impasslbld to obtain 
polypropylsnft having a largs impact strangth. In.tha case of 
produaing thoa« having an intriaaio viiaotity largav than th« 
above range, it is impoBsible to obtain polypropylena having 
an inpxoysd melt flovabllity and a lacga molt tension as veil 
as an improved procassability. Purther, in the eaia of 
producing- thoae having ah isotaetielty lower than the above 
range, it. la Inpoiaible to produce polypropylene having an 
improved rigidity and transparenoyt 

The production of the above-mentioned high molecular 
weight polypropylene and low molecules weight polypropylene 
is subsequently performed and although the order is optional, 
it is preferable to adopt a process to produce a low 
noleeuiar weight polymer after the production of a high 
a^rrcular weight polymer at the first stage because 
poiymeriaation operation is improved. 

In each production stage producing a high nioleeular 
weight polypropylene and a low molecular weight 
polypropylene, it is important that each intrinelc viscosity 
is adjusted eo that the total intrinalo viscosity and Mw/Mn 
(determined in accordance with CPC) may be 1.2 to 7dl/g, 
particularly 1.1 to 6dl/g and 6* to 20, particularly 7 to 20, 
respectively, in view of the total strength and. 
proeessability. the production ratio of a high molecular 
weight polymer to a low molecular weight polymer le that the 
former is 65 to 35 parts by weight, preferably 60 to 40 parts 



by w«lghti whil« th« latttr it 35 to 65 parts by wtight, 
prtfarably 40 to 60 parti by weight {based on iht turn of 100 
ptrtQ by weight}. Khttfi tha production ratio it bayond the 
range f in the caee that a low molecular weight polymer ifi 
leaa than 35 parti by weight, suffioient flcvablllty (spiral 
flow) cannot be obtained and in the oaee that a high 
molecular weight polyxner is leai than 39 parte by weight, 
auffioient melt elaatlclty cannot be obtained. 

According to the present invention, polypropylene 
improved in proceseability, rigidityi tranepatency and impact 
reeiitance can be produced and therefore it can be preferably 
uaed for an application iuch aa filme, blow molding producti 
or injection znolding products « 

The preeent invention is more detailedly illustrated 
baaed on Sxamplei« 

Sxanplee 1 to 5 and Comparative fixamplea.6 and 7 
(L) Preparation of solid Ti catalyet component 

4.8g of anhydroua magnesium chloride, 25«d litere of 
decane and 23*4 litere of 2-ethylhexyl alcohol were iubjeoted 
to heating reaction at 130^C for 2 hours to make a 
homogeneous solution* Then, to this solution was added 11. Ig 
Of anhydrous phthaiic acid followed by stirring for mixing ai 
130^C for further 1 hour to dieeolve the anhydroue phthallo 
aoid into aaid homogeneous solution. The homogeneous 
eolution thus obtained was cooled to room temperature and 
then the total amount was dropped to introduce into 200 
liters f titanium tetrachlorid maintained at -20 C. After 
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compXttlng the Introduction i tht temperature of the mixed 
fiolution was raised to lio^c for 4 hours and at a point that 
reaohcd UO^Ci 2.7 litete of diiiobutyl phthalate wae added 
and thus maintained at the flame temperature for 2 hours under 
itirrin?* After the ootnpletlon of the 2-hour reaction, a 
solid part was colleoted by heat filtration and further 
suspended into 200ml of titanium tetraehlotide followed by 
reacting at 120^C for 2 hours to colleot a solid part by heat 
filtration and the eoiid part was suffioientiy washed with 

i 

hexane of llO^C until the eonoentratlon of free titanium 
compound in the solution beoame O.lmmol/1 or leee. In 
aooordanoe with the piroeeis mentioned in the above, a solid 
Ti eatalyet component oould be obtained. 

{2] Preliminary polymerisation treatment of catalysts 

To 18 liters of hexane were added 2700mmol of trlethyl^ 
aluminum, 540mfflol of diphenyl dimethoxy silane and 270mjnol in 
terms of titanium atom ct said solid Ti oatalyst component at 
25^C and then 920M1 of propylene was addedl for l.S hours. 
According to the result of analysia, a preliminary 
polymerisation amount was 7.29/mM«*Ti« 

(3) Process for produoin? polypropylene 

There was used an apparatus aomprising two continuous 
rsactors A and B (capacity i 250 liters) which were connected 
in fleriec, late th«/raaotor A vr«r9 continuoutly introduced 
solid TL oatAlyit eomponsnt which vafl pr«liiAinarily 
poXynerl2«d in the abov* ai a hexan* elurry at a rata of 
O.S6mmoI/hr in t ma of Ti atom, triethyl aluminun at a r»ta 
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of 28nmQl/hr a« a httxana solution, dlphenyldlmeihoxy fil^ne 
at a rate of 2i8i(unol/hr d9 a hexana •olutlon and hexane at a 
rata of 27.3 litsrs/hr ag tha total. Than, into the reactor 
A; thua introduoed wa« continucu«ly introduaad under a 
presQura propylene ao that a preseura ineida the reactor 
might be 12Kg/c»^G to polyiaeriae at, 70^C. By oontlpuoualy 
Addln9 hydrogen^ an intrintia viscosity [^1 was adjusted. 
Into the reactor B vera eontinuoualy introduced under a 
prieasure propylene and haxana at a rate of II liters/hr to 
conduct polynarl2atioa at 70^C. By continuously adding 
hydrogeni an Intrinslo viscosity was adjusted, a slurry 
discharged froift the reactor B was treated by means of a 
decanter to separate polymer and hexane and then the polymer 
was dried. 

The result is shown in Table i. 

.Then, to said polymer were added an antioxidant and a 
hydrochloric acid abecrblng agent to palletise by meana of an 
extruder. The following properties of this polymer were 
determined. 

Spiral flow (on) i An injection molding machine of 3 
ounces w&a used to determine a dietanee reaching when 
injected at a resin temperature of 260^C| the first stage of 
an injection pressure of lOOORg/om^ (5 seconds) and the 
second stage thereof of 800Kg/cm^ (S seconds) by the use of a 
semi-circular spiral mold having a diameter of a section of 

Melt tension (g} t A melt tenaion tester made by Toyo 
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Seiki Co, ws» V??''. tc rr.Tlt =*" c r.sltir.; iczpcrature of 230°C 
for ftxitudlng at a aonatant speed (piston .lowering apeed of 
lOnm/nitt) "On a noaale (hOl« dlajnetei: of 2.10mm, length of 
S.OOiiun ftnd (svllnd*f Innfir fltswat.«i,r of o * - ■ -^"^ ■ 
thus extruded via a load ceil wee wlthdrami by a roller 
(outer dlaneter of s.Oca} totiting et a oonitant «p«ed 
(lOOrpn) and e itreia thus generated wat deterinined. 
y Yield point elreea (Xg/cn^J i Zn acoordanoe with A«TM D 
(38. 8 epecimen wee prepared by injeotion molding by the uee 
of a mold having a shape of ASTM 4 dumbbell and a thiclcneas 
of 3.2»m. 

Bending elaetiolty (Xg/em^) t in aeeerdaoe with astm d 
790, a epeoimen waa prepared by injeotion molding by the uee 
of a meld having a thickneaa of 3.2nBii. 

Thertnal defozmatien teaiperature (''c) i in acoordanoe with 
A8«M D 648« the reeult obtained la abown in Table 2. 
Cofflparative lucamplee I, 2 and 3 

One oontinuoua reactor having a oapaoity of 2S0 liters 
was used. Slallarly as in Sxanples I to 5, the preparation 
of the aolid Ti catalyst oonponent and the prelitnlnary 
treatment of the catalyst were conducted, into the reactor 
were continttouely introduced the eolid Ti oomponeat 
preliminarily treated in the above at a rate of 0.56minol/hr 
in terniB of Ti atom as a hexane slurry, trlathyl aluminum at 
a rate of 28«nol/hr as a hexane solution, diphenyl dimethoxy 
sllane at a rate f 2.8fflmol/hr as a hexane eolutlon and 
hexane at a 27. S lltecs/hr as the 



toiul. Propyi*n« w«fl introduatia uadtr a preeaur* ao vh»t the 
preaaure Inalda the rtaoior might be l2Yiq/ov?Q to conduct 
polymerization at TO^'c. By oofttlnupu.ly adding hydrogen, an 

intrinaic viaooalty tnl was adiuated. » ^.--u - 

from the reactor was treatM in the aane nanner aa in 
Xxaaipies I to 5 to djfy a polymer, 

«ha roiuli Obtained la ahown in rabie i. 

varlout properties were datennlfted alnllarly aa in 
Zxanpiea i to 5. 

Tha raault obtained is ihova in Table 2. 
Conparatlva XXaaplea 4 and S 

An apparatua ooavprialng two eontinuoua raaolora A and B 
(content of 250 lltera) eonnaoted in aeriea ware used. Into 
the reaotor A were contlnuoualy introduced titaniun 
trichloride (tac-101 made by Toho Tlunlua Co.) at a rate ot 
218.4fflftol/ht in Carina o£ Tl aton. .dlathyl alwalnun 
aemoohlorlde at a rate of 655 . 2raol/hr aa a hexana aolution 
and hexana at a rate of 27.3 liters as the total. Propylena 
was eontmuouily introducad under a preaaure ao that a 
praaaura Inaida the reaotor nrlght be ISKg/cm^S to conduct 
pclymeriiation at 70°C. ay contlnuoualy adding hydrogen, an 
intrinaic vlaoosity tf] was adjusted. Into the reactor S ware 
contlnuoualy introduced under a praaaut. hexana at a rate of 
U litera/hr. Propylena waa Introduced into the reactor B 
under a pra.aura ao that the proportion of ^ polyn,.r produced 
m tha ractor 8 might be 35 t BOwt% of in the aum of the 
poly»er pr duced in the react re A and b to c nduot 
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polyin«ri2*tion at vo^c. By continuoualy eWlng hydrogen, an 
Inttinilo viaeoaity |j) w«i idjuiUd. The slurry difchaxgcd 
from the reactor b wai treated flnliariy «« in Sxainplee 1 to- 



The reeult obtained ie ihown in Table 1 , 
VAsioue ptopartiea were determined eijnilarly «• in 
Sxanplai 1 to S. .• 

The reeult obtained is shown in Table ij. 
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